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No  subject in pathology has been the  cause  of more  discussion or of 
more  radically divergent  interpretation  of  its  phenomena by  scientific 
investigators than that of fibrinous exudates on serous surfaces. 
The literature of the subject previous to 1880 shows a fairly even divi- 
Mon of opinion.  The investigators of this period form two groups,  one 
of which believed that the fibrin was the result of exudation and coagu- 
lotion, while the other attributed its presence wholly or in part to degen- 
eration  of the  connective tissue forming the  groundwork of the  serous 
membrane.  To  mention  briefly  and  in  their  chronological  order  the 
authorities who have adhered to the theory of exudation, we must begin 
with  Cohnheim  (4),  who  describes  the  classical  exudation  of ~]brin  on 
serous surfaces and its organization by connective tissue.  Of the epithe- 
lium of the serous membrane he speaks clearly, stating that it either be- 
comes swollen and undergoes fatty degeneration, or exceptionally through 
proliferation of connective tissue is dislodged, and thus robbed of nutri- 
tion, perishes. 
After  Cohnheim,  Wagner  (6)  studied  the  question  and  described 
clearly the  characters  of the  fibrin, which, he  says, consisted  of a  net- 
work  of  fibres  in  which  large,  glistening,  homogeneous  clumps  were 
nearly always present.  The pleural epithelium he found in fresh, as well 
as  older,  inflammations intact below  the  fibrinous  deposit.  In  closing 
1 Fibri~tous  Exudatcs  and  Fibrinoid  Dege~eratio~ 
he  declares  for  the  older  view  that  the  fibrin  originates  in  exudation 
from the circulation. 
Weigert (7) supports the theory of exudation, and speaks of the clumps 
and masses  of fibrin found in the fibrinous network.  Later he says  (8). 
that  the  endothelium of the  pleura  must  be  destroyed to  produce such 
an exudate, and that such a destruction of endothelium marks the boun- 
dary between tissue and fibrin. 
Orth (14) aeeepts the theory of exudation and coagulation.  The eases 
coming under his  observation showed the usual network and the  homo- 
geneous  masses.  The  epithelium,  according to  his  observations,  disap- 
pears early in the  process, first showing  proliferation of the  nuclei  and 
swelling and granulation of the protoplasm.  After the disappearance of 
the  epithelium the fibrin lies  directly upon the  connective tissue  of the 
pleura. 
The first to oppose the theory of exudation was  Rokitansky (1).  He 
believed  that  the  fibrin  eo~-ering  serous  membranes  was  the  result  of 
tissue "vegetation."  The connective tissue first proliferated and then be- 
came  a  hyaline  mass  without  structure.  The  new  tissue  obtained  its 
tmtriment partly from the vessels to be found ii~ it, and partly from the 
fluid contents of the serous cavity. 
Yirehow (2), in his  Gesammelte Abhandlungen,  says:  " The raw,  dry, 
uneven  fibrinous  membrane  is  in  such  intimate  connection  with  the 
underlying tissue that  it  is  at  times  as  difficult as  in the  ease of diph- 
theritic  membranes  to  determine  a  sharp  boundary between  tissue  and 
fibrin.  One merges so gradually into the  other that the whole gives at 
once  the  impression  that  the  fibrin  is  nothing  more  than  degenerated 
tissue."  Two years later he  again  ('3) expressed himself  as  opposed  to 
the theory of exudation and said that the fibrinous mass is in part noth- 
ing more than degenerated and swollen tissue. 
Buhl  (5),  although  not  excluding the  possibility  of the  fibrin  having 
its  origin in  exudation,  considered that  the  solid  portions  of the  mass 
were  produced  by  the  pleural  connective  tissue  through  a  process  of 
proliferation and  inflammation,  and  he  called  the  product  "desmoider 
Faserstoff."  tie  differentiated  two  layers  of  the  same,  a  deep  and  a 
superficial layer.  The former contained blood-vessels and  cells in large 
number,  was  a  direct confirmation of the pleul'al connective tissue,  anc~ 
found its limit  always  at the outermost  elastic lamella.  The  superficial 
layer was  free from vessels  and  amorphous  in  character,  and  he  could 
occasionally demonstrate endothelial cells covering its free surface.  The 
cases  examined by BuM  were clearly, from the  above description, in  ar~ 
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Neumann (9), in an article on the use of picrocarmine staining in the 
study of inflammatory conditions, came to the conclusion that in tuber- 
cular inflammation the fibrinous masses were the result of degeneration of 
connective tissue.  He agreed with the view of Buhl in so far as the ori- 
gin of the fibrin was concerned, but considered the process a  passive one 
and named it "fibrinoid  degeneration" of connective tissue.  In tuber- 
culosis he could demonstrate the change from connective tissue to fibrin 
in  all  its  stages,  lie  found  that  the  connective  tissue  first  became 
swollen and lost its fibrillar appearance.  From the red-staining connec- 
tive tissue there developed shining masses which the picric  acid stained 
yellow.  The  masses  were  often  isolated  in  the  connective  tissue,  but 
on the surface became fused together, giving the appearance of an exuda- 
tion.  lie found epithelimn on the surface but rarely, and then only in 
small, isolated patches.  In acute pleuritis associated with cronpous pneu- 
monia  and  in  acute  purnlent  puerperal  peritonitis  he  was  of  opinion 
that the deeper layers of the fibrinous mass were the result of fibrinoid 
degeneration.  Tie did not, however,  apply the idea of degeneration to 
acute cases free from connective tissue proliferation, but considered them 
more probably the result of exudation. 
The  authors  quoted  above,  who  made  special  investigations  of  the 
subject from 1855  to  1880,  left the question but slightly changed in its 
general  aspects.  As  technique  improved,  much  of  the  work  of  older 
investigators who had opposed the theory of exudation was disproved, and 
the last quoted investigation of ICeumann, which closed this first period, 
left the scientific world  either adhering to the  old theory of exudation 
or taking the middle stand advanced in his article. 
From 1880 till  1892 the question preserved much the same status, al- 
though during this time two writers on the subject, Langhans (13), in an 
article on periorchitis sero-fibrinosa and pleurisy with fibrinous deposit, 
and  Sehuchardt  (21),  in an investigation of subacute hygroma, came to 
the conclusion that the fibrin was produced by a  degenerative process in 
the connective tissue. 
In 1892,  through an article published by Schleiffarth (19), a  pupil of 
Grawitz, and one year later by statements made by Grawitz himself (17), 
the  question  received  a  new  impetus.  Grawitz  and  Schleiffarth  claim 
that  the  fibrin  is  the  result  of  degeneration  of  connective  tissue. 
Sehleiffarth states that the tissue degenerates in one layer after another, 
and lays no stress on the position of the elastica.  Neither of them agrees 
with BuM and the  last named investigators that the fibrin is produced 
directly from the  connective tissue.  Grawitz  (18)  advances the  theory 
that there is an intermediate stage in which he can see cells and nuclei Fibrinous  Exudates  a~d  Fib'rinoid  Degeneration 
develop from  the  connective tissue  and  from  the  lymph  spaces  of  the 
same, and these he calls " slumbering" cells.  This idea of the develop- 
ment of cells from the tissue constitutes the so-called "Schlummerzellen- 
Theorie" of Grawitz.  He  believes that  the  cells which  other observers 
call leucocytes are not always to be seen as such, and that the protoplasm 
from which  they are  produced  can becqme fibrin,  or that  their  nuclei, 
when formed, can remain  enclosed  in the  fibrinous mass  and form the 
cell elements found in fibrinous exudates.  As proof of this theory, so far 
as its application to fibrinous exudates is concerned, Grawitz and Schleif- 
farth cite the regular arrangement of the cells and nuclei in the fibrinous 
mass,  which lie parallel to the  direction of the  connective tissue  of the 
serosa, and the possibility of demonstrating the epithelium or the outer- 
most fibrous constituents of the serosa to be intact, while beneath them 
bands  of fibrin can be found.  At  other times the  fibrin present  on the 
surface can be demonstrated as the result of a  direct degeneration of the 
connective tissue. 
Following the article of Schleiffarth, Apel (29), a student of Orth, pub- 
lished a dissertation embodying the study of twenty-eight cases of simple 
acute  and  specific inflammations  of serous membranes.  His  conclusion 
was that the middle position taken by Neumann was correct.  For speci- 
fic  cases he accepted a  degeneration of connective tissue,  but for acute 
cases he considered the fibrin the result  of exudation alone.  In all his 
acute  cases  (15)  he  found the  epithelium unbroken beneath  the  fibrin. 
In  specific  cases  he  found  degeneration  and  exudation  combined.  He 
cited a case of cancerous peritonitis on which a laparotomy had been per- 
formed  during  life  and  from which  the  operator had  removed  a  large 
quantity  of fluid  which  coagulated.  Upon  microscopic  examination  of 
specimens from this case, Apel found that beneath the fibrin co,~ering the 
surface the connective tissue in many places showed the degeneration de- 
scribed  by Nemnann,  and  he  concluded that  both  processes,  exudation 
and degeneration, can occur together.  As to the work of Schleiffarth and 
Grawitz, Apel  says that in his  specimens he was  unable to find any ap- 
pearances  which  could  possibly  suggest  the  development  of  cells  and 
nuclei from the intercellular substance  of connective tissue. 
In a  review of Grawitz's atlas Marchand  (22)  says:  "  One  of the most 
remarkable  acquisitions to  modern science, which  makes  its  appearance 
in this atlas, is that fibrin found on the surface of serous membranes is 
not  an  exudate,  but  degenerated  intercellular  substance.  The  fibri- 
noid pseudo-membrane does not rest  upon the  pleura,  but is the  result 
of degeneration of the superficial layers of the same, in fact (in the intes- 
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muscularis.  In short, the process is one of direct degeneration of con- 
nective tissue; otherwise how were it possible to account for the Schlum- 
merze]len (alias leucocytes) found in the fibrin if they were not produced 
where they are  found?"  In support of his  statement regarding fibrin, 
Grawitz gives photographs (Plate XXIX of his Atlas) in which Marchand 
says he can see the partly preserved epithelium underlying the mass.  In 
closing Marchand says: "  It is well known that in certain cases fibrin can 
be  produced by exudation in the tissue  itself: why not in the serosa?" 
":No  one who had not a  theory to support would confuse this condition 
with  a  pseudo-membrane,  or  on  careful  examination  (without  special 
staining methods)  would fail to  find the connective tissue fibres in the 
fibrin." 
In answer to this criticism of Marchand, ~eumann again entered the 
discussion in support  of the theory of fibrinoid degeneration as applied 
by Grawitz and Schleiffarth, but he attempted to separate that phase of 
the question from the theory of slumbering cells, stating that the discus- 
sion involved "two  questions, where the fibrin had its origin and whence 
came the cells found in it."  Neumann now extends his theory, applied 
originally to  chronic processes,  to  acute  as  well.  This  new position is 
based largely upon a  case of acute pleurisy with fibrinous deposit, cover- 
ing which he found a continuous layer of epithelium which he concludes 
is the pleural epithelium in its original anatomical position, and therefore 
that all fibrin below it is derived from degenerated connective tissue.  He 
considers  as  characteristic  of this  degeneration  the  hyaline masses  and 
bands found in the deeper layers of pseudo-membranes.  These bands are, 
according to his investigations, nothing more than connective tissue fibres 
in  partial  degeneration,  and  represent  a  transitional state  between the 
connective  tissue  below  and  the  completely  degenerated  mass  (fibrin) 
above. 
In  answer to  this  article  of  Neumann  there  appeared  an  exhaustive 
argument against it by Marchand (23), and an address on the subject be- 
fore the pathological section of the Naturforscherversammlung in Frank- 
furt by Professor 0rth, based upon the specimens of Vassmer and myself. 
In reply, Neumann (12)  published a short restatement of his position, 
laying special stress upon the points which he did not consider to have 
been satisfactorily met in Marchand's article.  It is especially with these 
last two publications  of Neumann  (11  and  12)  that the present  article 
proposes to deal. 
Neumann (12) says: "As  fibrinoid degeneration of connective tissue, I 
have described a condition, in my experience widely distributed, in which 
the  connective  tissue  degenerates,  forming  a  mass  which  resembles Fibrinous  Exudates  a~td .Fibrinoid  Dege~ter;~t[o~ 
macroscopically and  microscopically, and  gives the  same  chemical reac- 
tions as, fibrin the result of coagulation of blood.  This change is accom- 
plished by the bundle of connective tissue swelling, and melting together 
in  such  a  manner  that  fibres  can no  longer be recognized as  such,  the 
whole forming a highly refractive mass, in which can be seen at first the 
nuclei  of connective tissue  cells."  Morphologically the  change  can  be 
compared  to  amyloid  degeneration  in  which  the  tissue  undergoes  a 
change forming amyloid substance,  except that in the fibrinoid metamor- 
phosis the connective tissue undergoes a degeneration the result of which 
is a  mass identical with blood fibrin.  The best examples of this  degen- 
eration, he  says, are to be found  in  the  study  of inflamed  serous mem- 
branes.  In  particular he cites that  form of inflammation found in  the 
pleura overlying portions of hepatized lung,  and states that the mass  of 
fibrin found in such cases is the result of such degeneration for the fol- 
lowing reasons: first, he finds that the pleural epithelium covers the mass; 
second,  a  sharp  boundary  between  the  fibrin  and  the  underlying  con- 
nective  tissue  at  the  beginning  of  the  process  does  not  exist.  The 
epithelium which may be found under the fibrin he agrees with Schleif- 
farth  in  explaining as  endothelium  of a  lymph  channel,  which  appears 
only after the process is well advanced and marks the boundary between 
active process and degenerated mass. 
To this can be added a case of chronic fibrous periorchitis reported by 
Sultan (27), in which the mass of fibrin covering the tunica vaginalis lay 
between two continuous layers of epithelium, one covering the mass and 
the other at the point of demarcation between fibrin and tuniea vaginalis. 
This ease he explains by assuming that the epithelium covering the mass 
is  the  original  epithelimn  of the  tunica  vaginalis  which  with  the  mass 
has been thrown off, while the layer of epithelium underlying the mass he 
believes to be the result of regeneration. 
The  point  made  by Neumann  that  at  the  beginning  of exudative 
processes  in  serous  membranes  no  cell  demarcation  exists,  does  not 
agree with my experience.  A  eareful examination of all eases coming 
to  hand  in  the  Pathological  Institute  during  the  last  ten  months 
shows  overwhelming evidence to the  contrary.  The fresher the  con- 
dition  the  more  perfectly preserved has  been the  epithelium,  a  state- 
ment  which  applies  to  simple  and  septic  eases  of pleurisy  and  peri- 
carditis.  Figs.  1,  2  and  3  (Plate  I)  are  photo-micrographs  of 
such  eases  and  can  leave  no  doubt  as  to  the  eharaeter  of the  eells. 
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thelial  cells in  a  lymph space seems to me to  be conclusively proven 
by the following facts: The mass of fibrin lies directly upon the cells; 
there is no  connective tissue between the  row of cells and  the fibrin, 
and  in  Fig.  1  (Plate  I)  the  fibrin  is  separated  from  the  cells 
which  are  clearly attached  at their  base.  l~ioreover the  cells appear 
continuous  in  all  sections  cut from  the  same  block  as  well  as  from 
blocks taken  from different parts of the pleura  or pericardium,  which 
could  not  happen  if  we  were  dealing  with  cells  arranged  in  lymph 
spaces,  in  which  case we would find intervening  tissue.  That  these 
cells, as Neumann  says, do not make their  appearance  until  after the 
process is well advanced,  and that they are necessarily associated with 
cellular infiltration  in the connective tissue of the serosa, is opposed 
by  the  appearances  in  Fig.  3  (Plate  I)  in  which  the  exudate  is 
very  fresh  and  the  connective  tissue  free  from  cellular  infiltration. 
Vasmer  (16),  who  made  an  exhaustive  study,  by  means  of  orcein 
staining,  of the relation  of the elastiea of the normal pleura and peri- 
.eardrum  to  the  epithelial  covering,  found  that  the  epithelium  when 
not arranged  directly over the elastlca is separated from it by only a 
small layer of connective tissue, which in the pericardium is less than 
in the pleura. 
From these facts it is safe to take the stand  that where we find no 
~hange  under the elastica it is very improbable that the small amount 
of  connective  tissue  lying  over  it  can  have  furnished  the  entirely 
disproportionate  amount  of fibrin so  commonly  observed.  If,  more- 
over, we find connective tissue between the  elastica  and the fibrinous 
mass,  it  seems evident  that  we  require  no  cell  demarcation  to  show 
that the fibrin has not been produced at the expense of the underlying 
tissue. 
2geumann  recognizes  the  relation  of  the  fibrin  to  the  outermost 
elastic lamel]a  of the pleura  and pericardium,  and states that the pro- 
cess, i. e.  fibrinoid  degeneration,  finds its  limit  at  the  elastica.  Buhl 
also accepted the elastica as the boundary of the process.  Schleiffarth, 
on  the  contrary,  pays  no  attention  to  this  well-known  anatomical 
landmark,  and simply says that the fibrin is the result of the degenera- 
tion  of the  connective  tissue  which  extends  inwards,  one  layer  after 
another becoming degenerated. Fibri~wus  Exudates  a~d  Fibrinoid  Degeneration 
In  all  eases where  I  was  not  able  to  demonstrate  epithelium  this 
relation  of the elastiea to the fibrinous ma~ has invariably shoavn the 
fibrin lying  over the  elastica,  and  in  the  majority  of  eases a  distinct 
amount of connective tissue between the elastica and fibrin.  In Figs. 
1,  2,  3  and  4  (Plate I)  the  elastica is stained  with  oreein  and  shows 
clearly this relation.  I  cannot speak too strongly of the value of this 
method,  as in many eases at first doubtful the staining  of the elastiea 
proved  the  only  means  of  clearly  determining  the  relation  of  the 
exudate to the underlying structures. 
Neumann  describes  as  characteristic  of  simple  non-septic  eases  a 
fine  fibrinous  membrane,  which  is  found  at  the  very  beginning  of 
the process.  Such membranes,  he says,  cannot be removed with the 
forceps without tearing away portions of the underlying tissue.  These 
membranes  he considers to be the  very beginning  of the  process, be- 
fore the  fibrin has been thrown  off and  while  it  is still  connected  to 
the tissue, from the degeneration of which he supposes it to originate. 
It  is in  these eases that  he finds  no  epithelium  under  the  fibrifl  and 
states that  a sharp  line  of demarcation between fibrin  and  connective 
tissue  does  not  exist.  Marchand  (22),  speaking  on  this  point,  says: 
" Every beginner knows that it is exactly the freshest fibrinous mere- 
branes which are. the easiest to remove."  My experience  agrees with 
this statement of Narchand, except that the very fresh exudates, owing 
to their extreme thinness,  could not be removed in large pieces.  It was 
always in  such  cases  that  I  found  continuous  epithelium  under  the 
mass.  The case described by Neumann,  in which the  epithelium cov- 
ered the fibrin, certainly did not present the condition usually fomnt. 
The only other observer who distinctly describes the condition noted by 
Neumann  is  BuM.  He  observed,  in  cases  which  we,  now  know  to 
have shown an advanced state of organization,  small patches of epithe- 
lium covering the granulations. 
Neumann says he has in a number of fresh cases found epithelium 
covering the exudate.  His method for observing the same is as follows: 
The  fibrin  carefully  removed  from  the  fresh  preparation  is  spread 
with its outer side upward on a glass slide, and then covered with salt 
solution.  The specimen can be examined  at once, or he recommends. H.  R.  Gaylord  9 
staining  it  on  the  slide  with  acetic  acid  vesuvin,  which  ~ves  the 
nuclei a  deep brown, the fibrin a  yellow color.  All specimens com- 
ing to the Institute have been examined by this method, and~ while I 
have here and there found cells such as  :Neumann describes, I  have 
never failed to find on the under surface large patches of undoubted 
epithelium, and in many cases ha~e been able to  demonstrate in the 
hardened section  continuous  epithelium under  the fibrin.  I  should 
consider the evidence obtained by this method exactly the opposite to 
that which :Neumann claims for it. 
In :November,  1895,  seven months before the appearance  of :Neu- 
mann's first article, I  undertook, at the suggestion of Professor Orth, 
a series of experiments on animals, to ascertain if fibrin obtained from 
blood,  when  introduced into  the  serous  cavities,  would  organize  as 
such, and what microscopical appearances such specimens would pre- 
sent as  compared with  exudates in  the human body.  These  experi- 
ments showed that  fibrin,  introduced into  serous  cavities in  animals 
under  aseptic  conditions,  will  organize  in  the  usual  way  in  which 
fibrinous exudates organize, and presents at every stage of the organi- 
zation the same processes which we find in the human body. 
The  scope  of  the  experiments  covered,  first,  the  introduction  of 
fibrin  as  such;  and,  second,  the injection  of  coagulable  fluid which 
produced  the  fibrin  in  the  serous  cavity.  As  fibrin,  I  introduced 
that  obtained  from whipping  blood  (slightly hardened  in  formalin) 
and coagulated blood plasma.  As coagulable fluid, I  injected plasma 
obtained from horses' blood, first with the addition of a fibrin ferment, 
and then alone. 
Of  the  experiments,  eighteen were  successful  and  ga:ce  identical 
results.  The results for the pleural and peritoneal cavities were the 
same,  but  the  diificulty of finding the  fibrin  after introduction into 
the peritoneal cavity led me in my later experiments to use the pleural 
cavity  alone.  The  first  five  experiments  were  made  with  fibrin 
obtained by whipping, and were so planned as to  show the organiza- 
tion at different stages. 
Experiment I.--Grey  rabbit.  Introduced  into  right  pleural  cavity 
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Autopsy seven days after operation.  Incision shows no signs of infec- 
tion.  Pleura  shiny.  No  fluid  in  pleural  cavity.  Fibrinous  mass  un- 
changed in appearance is found adherent to lower lobe of right  lung at 
its outer inferior border.  It appears to lie in an impression in the surface 
of the lung, and its base is surrounded by a secondary fibrinous exudate. 
Surronuding pleura shows no change. 
Lower lobe  of lung and fibrin hardened  in Miiller-formalin solution. 
Embedded in parattlne.  3/Iieroseopie  appearances.  Section shows a large 
mass of fibrin adherent at its base to the parietal pleura.  Pleural epithe- 
lium intact and shows evidences of proliferation at several places under- 
lying the fibrin.  Original mass  of fibrin is  surrounded by a  secondary 
fibrinous  exudate  containing  leucocytes, which  also  penetrate  into  the 
fibrinous mass proper.  Lung tissue directly underlying the fibrin show'~ 
ateleetasis.  Fibrin,  both that  introduced and  that  secondarily formed, 
give the usual color stain with Weigert's method, and the yellow reaction 
with Neumann's modification of the pieroearmine stain. 
Experiment II.--White rabbit.  Introduction into right pleural cavity 
of two pieces of fibrin stained with aniline-water gentian-violet.  (This 
experiment was made to  ascertain earliesg appearance  of secondary exu- 
date, hence the staining of introduced fibrin before introduction.) 
Autopsy forty-eight hours  after introduction.  Both  pieces  of  fibrin 
found  adherent  to  costal  pleura  covering  cartilages.  Pleura  shows  a 
red zone 1½ ram. wide, surrounding base of fibrinous masses. 
Costal cartilages,  to which fibrin is adherent,  dissected out and  with 
adherent  mass  hardened  in  Miiller-formalin.  Embedded  in  paraffine. 
l~{ieroseopic  appearances  (pieroearmine).  Fibrinous  mass  stained  blue 
surrounded by secondary fibrinous exudate stained yellow.  A few leuco- 
cytes  can  be  seen  in  the  exudate.  Pleural  epithelium  beneath  fibrin 
intact.  At the sides of the preparation  we have the pleural  epithelium 
covered  by the  secondary exudate  alone,  giving the  picture  of  a  fresh 
exudate.  Blood-vessels of the pleura distended with blood. 
Experiment III.--Grey rabbit.  Introduced  into  right  pleural  cavity 
two pieces of fibrin size of small peas. 
Autopsy  eight  days  after  operation.  Both  pieces  of  fibrin  found 
organized,  being  attached  to  costal  pleura.  Pleura  at  base  of  masses 
appears  normal.  Both  pieces removed with  intercostal tissue  and  har- 
dened in Miiller-formalin solution. 
Microscopic examination.  Entire fibrinous mass infiltrated with leuco- 
cytes.  At base +~he mass is the seat of proliferation of connective tissue, 
which has  organized the  lower third  of same.  Fibrin  of homogeneous 
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are isolated in the newly proliferated connective tissue.  Fine blood-ves- 
sels can be traced running from the superficial x'essels of the pleura into 
the  newly  proliferated  tissue.  Pleural  epithelium  intact  in  patches 
underlying the mass, but cannot be demonstrated where we find the pro- 
liferation of connective tissue.  Examination of the free surface of the 
mass shows it to be covered with a single continuous layer of cells resem- 
bling epithelium.  This arrangement of cells when traced to the sides of 
the fibrinous mass shows them to be a  direct continuation of the plenral 
epithelium  (Plate  II,  Fig.  10).  At  the  highest  point  of the  mass  the 
epithelial  layer is flatter that  at the  sides,  where  the  character  of the 
pleural epithelium is preserved.  In the crevices of the mass we find that 
this proliferation of the cells has produced several layers, but on the free 
surface the  arrangement is that  of a  simple  continuous layer.  At one 
side of the preparation tile proliferation is most remarkable.  Projecting 
from the main mass of fibrin is a small band which touches the adjoining 
pleura  with  its  extremity,  leaving  between  its  under-surface  and  the 
pleura a small free space.  At the point of contact of this band with the 
pleura  the  epithelium has  proliferated  upon  the  under  as  well  as  the 
upper  surface  of the  fibrin,  so  that  counting from below  outwards  we 
have three layers of epithelium: first, plenral epithelium proper; second, 
a  row of epithelium covering the under surface of the mass and contin- 
uous with the pleural  epithelium of the  same  side; third,  covering the 
outer surface a layer of cells continuous with the pleural epithelial layer 
extending beyond the point of contact.  At the  outer  corner the fibrin 
has not fallen in direct contact with the pleura and we find the cells pro- 
liferated one over another for several layers perpendicular to the pleura 
until it reaches the fibrin, where it becomes a simple layer spreading out 
over the mass.  Beneath the fibrin are several crevices left by irregular- 
ities in the mass.  In these the pleural epithelium which remains intact 
has proliferated in such a way as to line them with a continuous layer of 
cells.  Between these crevices, where the fibrin has come in direct contact 
with  the  pleura,  no  epithelium  can  be  demonstrated and  we  find the 
connective tissue  of the  pleura widely proliferated into  the  fibrin.  In 
one of the above described crevices we find the preserved pleural epithe- 
lium broken through by a  single band of proliferating connective tissue 
extending into the fibrinous mass above, which, as in the other crevices, 
is  covered with a  single layer  of  epithe]ium  (Plate  II, Fig.  11).  The 
elastica is continuous beneath the mass and we find no  changes in the 
tissues underlying it. 
Experiment IV.--Black rabbit.  Introduced two pieces of fibrin into 
right pleural cavity. Fibrinous  Exudates  a~*d l~'ibr~ino~;d Degeneration 
Autopsy fourteen days after operation.  Both pieces of fibrin organized 
to eostal pleura, which with ribs are dissected out in one piece.  Decal- 
eified.  Hardened  in  Mtiller-formalin.  Microscopic  examination.  We 
find the  fibrinous  mass  to be  invaded by proliferated connective tissue, 
which  has  entirely organized the  lower two-thirds.  At the  side  of the 
main  mass  is  to  be  seen  an  isolated  glistening  fibrinous  clump  (Plate 
II,  Fig.  8).  This  mass,  stained  with  picrocarmine,  shows  a  high  re- 
fractive index  and  brilliant  yellow  color.  Its  appearance  is  distinctly 
hyaline, and at its edges we find that the conneetive tissue has broken its 
way  into  the  mass.  No  pleural  epithelium  can  be  seen  beneath  the 
fibrin.  Blood-vessels  can  be  demonstrated  in  the  organized  portion. 
Entire  mass,  as  in  Experiment  III,  covered with  a  layer of epithelium 
eontinuous with  the pleural  epithelium  at both sides  (Plate II,  Fig.  9). 
Experiment  V.--Grey  rabbit.  Introduction  of  fibrin  as  in  previous 
experiments. 
Autopsy four weeks after operation.  On  costal pleura we find a  mass 
somewhat smaller than the piece of fibrin introduced, and more flattened 
in  appearance.  Dissected out.  Hardened in Miiller-formalin. 
Microscopic appearances.  Mass largely converted into connective tis- 
sue.  At base are to be seen here and there small bands of fibrin which 
appear hyaline in  character.  As  we approach the  surface these masses 
are  more  frequent  and  larger  until  we  find  only  fine  bands  of  con- 
nective tissue growing into the fibrinous mass  proper.  The entire, mass 
covered  with  epithelium  as  in  previous  experiments.  Elastica  intact. 
Connective tissue beneath elastica unchanged. 
Experiment  VI.--The fibrin used in this experiment was produced by 
the  action  of a  fibrin ferment  on  plasma  obtained  from horse's  blood. 
The  ferment  was  made  after  the  method  of  Alexander  Sehmidt  and 
tlauschenbach  by  expressing  the  contents  of  a  fresh  lymph  gland  and 
diluting  it with  water,  By this  method  the  plasma  placed  in  a  watch 
crystal formed in two minutes  after the addition  of the ferment a  solid 
gelatinous  clot.  Microscopic  examination  of this  clot  showed  it  to  be 
homogeneous  in  character.  Careful  examination  of  several  specimens 
failed to show any hyaline-like masses. 
Operation.  Introduced into right pleural cavity of grey rabbit clot of 
fibrin immediately after coagulation. 
Autopsy seven days after operation.  Fibrin found organized to costal 
pleura  near  point  of  incision.  Dissected  out,  hardened,  embedded  in 
paraffine. 
Microscopic examination.  At base of section part  of intercostal mus- 
cle.  Between muscle and fibrin connective tissue, which in deeper layers It.  R.  Gaylord  13 
runs parallel to muscle; in outermost portion it consists clearly of newly 
prolilerated structure which penetrates into the fibrin.  Isolated hyaline 
masses,  giving reaction  of  fibrin  with  all  staining  methods,  are  to  be 
found in  the  newly proliferated  tissue.  These  masses  are  to  be  seen 
only  where  the  organization  is  advanced.  The  fibrinous  mass  proper 
presents in part the homogeneous character described, and in part a fine 
network of fibres.  Elastica intact except where broken through by inci- 
sion,  where  we  find  newly  proliferated  tissue.  No  hyaline  masses  or 
fibrin found beneath  elastica.  The  whole fibrinous mass  covered by a 
single epithelial layer continuous with the pleural epithelium. 
Experiment ¥II.--Grey rabbit.  Small incision made between ribs on 
right side opening pleural cavity.  Simultaneous injection through this 
incision of plasma and ferment, prepared as in previous experiment. 
Autopsy in eight days.  Fibrin organized to costal pleura.  Hardened 
and embedded as usual. 
Microscopic examination.  Fibrin presents same appearance as in pre- 
~4ous  experiment.  At  base,  organization  surrounding  ,hyaline-like 
masses.  Through  the  entire  mass  we  find  the  lymph  cells  from  the 
ferment enclosed in  the  fibrin.  In  many places these  cells  and nuclei 
follow  one  direction,  at  the  surface  parallel  to  it,  and  in  deep  parts 
pressed  into  rows.  Entire  mass  covered  by  a  continuous  layer  of 
epithelium, beneath which are several layers of connective tissue.  This 
organization of  the fibrin  on the  surface  can be  traced  from the sides 
where  the  proliferating  tissue  forms  a  continuation  of  the  organiza- 
tion  at the  base.  We  find the  connective tissue, in  this  zone beneath 
the  epithelium, following a  direction parallel to  the  surface,  whi],e the 
nuclei and leucocytes in the  adjacent fibrin have the same parallel  dis- 
tribution.  Plate  II,  Fig.  12,  taken  from  this  specimen,  shows  the 
epithelial  covering,  the  organization beneath  it,  the  leucocytes in  the 
fibrinous mass, and the proliferating connective tissue extending upward 
from the base.  At base of mass can be seen the remains of the incision 
where  the  elastica is broken.  In  sections where  the  incision does  not 
appear  the  elastica is  intact,  with  tissue  below  it  free from fibrin  and 
hyaline masses. 
Experiment VIII.--Injection  of  20  cc.  of  plasma  into  right  pleural 
cavity of grey rabbit. 
Autopsy  one  week  later.  Upon  opening  pleural  cavity  a  flattened 
fibrinous mass, 18 by 12 ram. in surface dimensions, and 3 ram. in great- 
est thickness, is found.  The same appears to be unattached.  Hardened, 
embedded  and  cut.  Microscopic  examination  of  this  fibrinous  mass 
shows the same to be covered by a  single layer of epithelium, except at 14  Fibri~ous  Ex,ltdates  a~d  l~ibri~oid  Deye~leration 
one point where the epithelium fails and the mass is the seat of a sligh~ 
organization.  This  area  forms  about  one-twentieth  of  the  circumfer- 
ence and the organization extends into the mass for but one-fifteenth of 
its diameter.  Fibrin homogeneous. 
Further  experiments  merely confirmed the  results  already  given 
and do not require special mention. 
Summing up the results of these experiments, we find the following 
characteristics in  all:  Fibrin  introduced  as  such,  and  fibrin-forming 
fluids  when  injected  into  serous  cavities,  become  adherent  to  the 
serous membrane.  The pleural  epithelium remains intact under the 
fibrin until the process of organization begins.  The epithelium of tile 
pleura  has  the  power to  proliferate sufficiently to  cover large  areas 
(Experiment VIII).  This  extensive proliferation  was  found  in  all 
experiments after  the  sixth  day.  In  one  ease  (Experiment II),  in 
which the autopsy was made forty-eight hours after introduction, the 
proliferation had not begun. 
The proliferation of epithelium occurs before the  organization by 
connective  tissue.  It  is  possible  to  find  the  epithelium  preserved 
below the fibrin  and  its  surface covered by an  epithelial  layer,  the 
result of proliferation from the sides  (Experiment III). 
After  the  proliferation  of  epithelimn  over  the  mass,  the  con- 
nective tissue  follows  the same  direction  from  the  sides,  forming a 
layer  of  connective tissue  organization  on  tl~e surface  beneath  the 
epithelium.  The principal organization takes place at the base of the 
mass.  This organization by connective tissue tends to separate masses 
from  the  main  fibrinous  deposit.  These  masses  appear  hyaline  in 
character.  They are  often  found  lying  parallel  to  the  connective 
tissue fibres.  Where cells or nuclei are injected with a fibrin-forming 
fluid,  the  7  become  enclosed in  the  fibrinous  mass  and  by  the  pro- 
cess of coagulation are often arranged in rows. 
An application of these facts to the statements made by Nemnann 
permits the following deductions:  Neumann says that the epithelium 
covering the fibrinous exudate in his ease was the pleural epithelium 
in  its  original  anatomical position,  and  the fibrin  was  the  result  of 
degeneration of connective tissue lying beneath it.  He excludes the H.  R.  Gaylord  15 
possibility  of  the  fibrin  being  produced  by  exudation  beneath  the 
epithelium.  That  the  epithelium  could  have  been  derived  from 
and merely adherent to the opposite pleurM layer he considers to be 
excluded by the presence of a  pleural  exudate.  The  explanation  of 
Narehand  that  the  epithelium  was  the  result  of  proliferation  (°~3) 
he sets aside with the statement that " in acute eases such a prolifera- 
tion is inconceivable "  (12). 
In answer to  Neumann's statement, and in support of ~Iarchand's 
explanation,  my experiments show an  unfailing proliferation  of epi- 
thelium on the surface in  all eases in which the fibrin remained seven 
days in the serous cavity.  The proliferation of epithelium in chronic 
cases,  to which the observations of BuM quoted by Neumann belong, 
has been observed by Riese  (28),  who found in tuberculous synovial 
cavities masses of fibrin covered by a layer of " endothelium" continu- 
ous with the  "  endothelial "  layer of the sac.  He distinctly states that 
he believes the cells to have proliferated over the mass.  This observa- 
tion agrees with those of 3/[ichon (26), who observed the same condi- 
tion  in  synovial  cavities.  These  cases  are  quoted  by  Neumann  as 
examples of degeneration producing fibrin beneath an epithelial cover- 
ing in its original anatomical relations. 
Of still  greater interest,  in  the  light  of these  experiments, is  the 
case quoted by Neumann (11), reported by Sultan (27), in which the 
fibrin lay between two layers of epithelium.  Neumann believes that 
the superficial epithelial layer is the original epithelium, and that the 
epithelium marking the boundary between fibrin and connective tissue 
has  been produced by  regeneration.  This  case  is,  however,  clearly 
one in which the original epithelium remained partly intact and the 
epithelium from the sides proliferated over the mass (compare Experi- 
ment III). 
From these cases,  experimental and others, we may safely conclude 
that the presence of epithelium overlying a  fibrinous mass  does not 
constitute proof that the fibrin was produced beneath it. 
That  the  hyaline masses  described by  Neumann as  characteristic 
of fibrinoid degeneration are in no way characteristic of such a  pro- 
tess is shown by the presence of the same in all my experiments where 1(;  F~bri~ous  Exudates  a~d  Fibrinoid  Degeneration 
organization was advanced and where the process  in 11o case  extended 
beneath  the  elastica.  In  further proof  of  the  same,  I  have  in  my 
possession  a specimen of fresh thrombosis of the aorta in which in the 
middle of the  thrombus mass,  where  no  question of degeneration of 
connective  tissue  can  be  entertained,  are  to  be  seen  hyaline bands 
and  clumps  easily distinguishable  from  the  surrounding fibrin. 
Fina]ly, the  arrangement of  cells  and nuclei in rows  through the 
fibrin mass is  not suggestive, as  ~Teumann,  Grawitz and  Sehleiffarth 
would have it, that the same are remaining connective tissue nuclei and 
owe their arrangement to this fact. 
The  older theory  that  the  cells  found  in  fibrinous  exudates  are 
leucocytes enclosed in the fibrin is in no way impaired by this obser- 
vation of ~eumann, Grawitz and Schleiffarth.  On the contrary, this 
arrangement tends to show that the ce]]s were present when the fibrin 
was in a  fluid condition and that they owe their arrangement to the 
process  of coagulation. 
TUBE:RCULOSIS. 
The  microscopic  appearances  found in  the  fine,  closely adherent 
fibrinous masses  on the pleura covering the affected portions of tuber- 
culous ]ungs are so  different from those which characterize the cases 
just described that they may well be considered separately. 
Here  we  must  at  once  allow  that  the  characteristic  appearance 
described by Neumann does to a  large extent suggest a  degeneration 
of the connective tissue and the production directly, from the same of 
fibrin.  So  intimately adherent  are  the  fine  bands  of  fibrin  to  the 
connective tissue, and so  diversely distributed between its fibres,  that 
we are led at once to the belief that here we are dea]ing with a differ- 
ent process.  It is only when we return to the elastica that the neces- 
sary evidence, it wanting. 
It was the  ]aek  of ~his evidence which led Professor  Orth,  in his 
address at Frankfort, based on the specimens of Vassmer and myself, 
to. state that " no definite position can be taken on this question until 
the  fibrinous  masses  can  be  demonstrated  under  the  e]astica." 
Ziegler  (30)  describes  the  condition found in  such  cases  as  hyaline 
degeneration of connective tissue similar to amyloid degeneration, and tI.  R.  Gaylord  17 
does not agree with Neumann's  explanation  of the. same.  lie regards 
the change as one of degeneration. 
As this investigation has been concerned principally with that  por- 
tion  of the question dealing with  acute non-specific processes, my ex- 
perience with the tuberculous  eases has not been suillcient  to base an 
opinion on negative evidence.  In no ease have I  been able to demon- 
strate the masses beneath the elastiea.  So different are the microscopic 
appearances  in  these  eases  from  those  found  in  the  acute  processes 
already presented that  I  add  for comparison three photo-mierographs 
from  a  case  of  tuberculous  pleurisy.  We  see  here  the  masses  and 
hands  described by Neumann,  which are by their  distribution  sugges- 
tive of a direct degeneration of connective tissue into fibrin. 
Plate  I,  Fig.  5,  shows  a  section  through  the  pleura  stained  by 
Weigert's method.  We see the masses of fibrin covering the surface 
and  extending  into  the  connective  tissue.  The  connective  tissue  is 
infiltrated  with cells and shows cross sections of blood-vessels. 
Plate  I,  Fig.  6,  shows  a  section  of  the  same  pleura  with  the 
elastica  stained.  Here  we see that  the  masses lie above the  elastica, 
and that in fact the amount of connective tissue described by Vassmer 
as  normal  lies undegenerated  above the  elastic stripe.  Therefore  all 
connective  tissue  above  this  nndegenerated  zone  must  at  one  time 
have been produced by proliferation,  and if the fibrin is the result of 
degeneration,  it is degeneration  of a  new tissue alone  and  not of the 
normal structures  of the pleura. 
Plate  II,  Fig.  7,  shows  the  masses  at  the  surface  of  the  pleura 
and  the  oval nuclei  described by Neumann,  which  he believes to be 
the  free nuclei  of the  degenerated  connective tissue. 
Such  cases can  be explained,  as  Marchand  (23)  explains  them,  as 
merely the irregular  organization  of a previous exudate which isolates 
masses of fibrin. 
The  parallel  direction  of the  bands  of fibrin  and  their  relation  to 
the connective tissue is not suggestive of the picture seen in the organi- 
zation  of exudates, in which  the young connective tissue often grows 
perpendicular to the pleura and seldom shows such a regular arrange- 
ment  of its fibres.  We need  only the  confirming  fibrin  beneath  the 
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elastica  to solve the problem and separate these cases from the simple 
exudative  form  of  pleurisy  to  which  they  bear  but  a  very  slight, 
resemblance.  Until the supporters of the theory of fibrinoid degenera- 
t ion can establish this fact the question of the true character of tuber- 
eulous cases will remain in doubt. 
In  closing  I  wish to  take  the  opportunity to  express  my thanks  to 
Professor  Orth  for the  material  which  he  has  placed  at  my  disposal~ 
and  for  the  kind  advice  and  support  he  has  given  me  at  all  times 
during this investigation. 
DESCRIPTION  OF  PLATES  I  AND  II. 
PLATE  I. 
All of the figures are photo-micrographs.  Objectives of the Winkel-Flourit, 
systein were used. 
Fig. 1,  x  150.  Objective, 4.5 Inin.  Ocular No. 2.  Stain, Van Gieson, orcein. 
Section of pleura covering consolidated lung from case of pneumonia. 
At a--a',  pleural  epithelium intact.  Here  and  there single,  detached  epi- 
thelial  cells  adherent  to  fibrin  c.  At  B,  elastica  stained  with  orceiu.  Be- 
tween a  and B, hminorrhagic infiltration beneath epithelium. 
Fig.  2,  ×  110.  Obj.  4  Innin.  0c.  No.  1.  Stain,  hmmalum,  orcein.  Section 
from case of purulent pericarditis. 
At  c,  thick  fibrinous  exudate  containing  leucocytes,  a--a',  continuous: 
pericardial  epithelium.  B,  elastica  stained  with  orcein.  Between a  and  B, 
layer of healthy connective tissue.  D,  heart muscle, cross section. 
Fig.  3,  ×  110.  Obj.  4  Inm.  Oe.  N6.  1.  Stain,  hminalum,  orcein.  Section 
of pleura covering hminorrhagic infarct of lung. 
c---c',  fibrinous  exudate  containing leucocytes,  a'--a',  continuous  pleura[ 
opitheliuin.  B,  elastica  stained  with  orceim  Between a'  and  B,  layer  of 
healthy connective tissue.  D, hminorrhagic infarct of lung. 
Fig.  4,  ×  110.  Obj.  4  min.  Oc.  No.  1.  Stain,  picrocarmine, orcein.  Sec- 
tion of  adherent pleural  surface, between adjacent lobes of lung  froin case 
of pleurisy. 
c--c',  point at  which adjacent surfaces are  adherent and  in  which can  be 
seen fibrin mass at a.  A--A', remains of pleural epithelium of upper surface. 
At a', cells of lower surface below fibrin mass.  At B  and B', elastica stained 
with orcein.  Between B  and c,  healthy connective tissue. 
Fig. 5,  × 60.  Obj. 8 Inm.  0c. 1~o. 1.  Stain, hminaluin, Weigert fibrin stain. 
Section of pleural surface covering tuberculous lung. 
A,  fine  fibrinous  bands  running  parallel  with  the  surface,  c,  fibrin  iu 
blood-vessel,  f  and  f', fibrinous exudate in  alveoli of lung. 
Fig.  6,  x  110.  Obj.  4  rain.  Oc.  No.  1.  Section of  pleura  from  same  case 
as Fig. 5.  Stain, Van Gieson, orcein. 
a,  fibrinous  mass  covering  the  surface;  a',  isolated  bands  of  fibrin.  B, 
elastica  stained  with  orcein,  c,  connective  tissue  above  elastica,  f,  deet) 
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PLATE  II. 
Fig.  7,  ×  110.  Obj.  4  ram.  Oc.  L  Section  through  pleura.  Same  ease as 
in Figs.  5 and 6. 
a,  fibrinous  masses  covering  surface  of  pleura,  a',  single  fibrinous  band 
separated from mass by connective tissue.  Fibrinous mass and surrounding 
tissue  infiltrated  with  cells,  many  of  which  have  oval  nuclei.  At  B,  dis- 
tended blood-vessels. 
Fig.  8,  ×  30.  Obj.  16 ram.  Oc.  1.  Stain,  picrocarmine. 
Section  of  fibrin  in  organization  from  Experiment  IV.  a--a',  connective 
tissue surrounding glistening hyaline clump at B. 
Fig.  9,  x  60.  Obj.  9  mm.  Oc.  1.  Stain,  hmmalum.  Section  of  fibrin in 
organization  from  Experiment  IV. 
a--a',  epithelium covering fibrin,  c--c', fibrin consisting of hyaline masses 
and  clumps.  B--B',  organization  at  base  of  fibrin.  D,  connective tissue  of 
serosa. 
Fig.  10,  ×  110.  Obj. 4 mm.  Oc.  1.  Stain, hmmalum.  Section of organized 
fibrin from pleural cavity of rabbit.  Experiment  III. 
if, fibrin organized to pleura,  a,  pleural  epithelium continuous with layer 
of epithelium B, covering fibrin.  D, intercostal muscle. 
Fig.  11,  ×  160.  Obj. 3 ram.  Oc.  1.  Stain, alumcarmine.  Section at base of 
organized  fibrin from  pleural  cavity of rabbit.  Experiment  IIL 
a--a',  pleural epithelium  broken  through  by band  of  connective  tissue  B. 
c,  proliferated  epithelial cells on under  surface  of fibrin D.  Between a'  and 
e, crevice beneath mass.  f, connective tissue of pleura. 
Fig.  12,  ×  70.  Obj.  7.5  mm.  Oe.  1.  Stain,  hmmalum.  Section  of  fibrin 
mass from Experiment  VII. 
a--a',  single  continuous  layer  of  epithelium  covering  fibrin  mass  v--c'. 
D,  connective  tissue  organizing  fibrinous  mass  from  beneath,  e---e',  con- 
nective tissue organizing mass from surface. 
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